A Gram-staining-positive, heterotrophic, aerobic, non-motile, non-endospore-forming, yellowcoloured rod, designated strain N5 T , was isolated from a soil sample collected at an industrial waste site in Noida, on the outskirts of Delhi, India. In phylogenetic analyses based on 16S rRNA gene sequences, strain N5
The genus Microbacterium, family Microbacteriaceae, order Actinomycetales, class Actinobacteria, was created by OrlaJensen (1919) to accommodate a novel species (Microbacterium lacticum) that had been isolated during studies on lactic-acid-producing bacteria. The description of the genus was subsequently emended by Collins et al. (1983) and, with the unification of the genera Microbacterium and Aureobacterium, by Takeuchi & Hatano (1998a) . At the time of writing, the genus Microbacterium comprised 72 species of Gram-staining-positive bacteria (http://www. bacterio.cict.fr/m/microbacterium.html), which were isolated from diverse habitats, including soil, sea sediments, insects, human clinical specimens and plants (Evtushenko & Takeuchi, 2006; Park et al., 2008; Bakir et al., 2008; Takeuchi & Hatano, 1998a, b; Lee et al., 2006; Shivaji et al., 2007; Collins & Bradbury, 1992) . Current members of the genus Microbacterium have N-glycolyl residues in their cell walls, menaquinones with 10-14 (mainly 11-13) completely unsaturated isoprenoid units as their respiratory quinones, and genomic DNA G+C contents of 64-75 mol% (Lal et al., 2010) . Their predominant fatty acids mostly consist of anteiso-C 15 : 0 , anteiso-C 17 : 0 , iso-C 16 : 0 and iso-C 15 : 0. In the present study, the phenotypic, chemotypic and genotypic characterization of a novel bacterial strain isolated from a sample collected at an industrial waste plant in India led to the strain's identification as a novel species in the genus Microbacterium.
A standard dilution plating method was used to isolate a yellow-pigmented bacterium, designated strain N5 T , from a soil sample collected at an industrial waste site in Noida, on the outskirts of Delhi, India. For this, 5 g sample was suspended in 45 ml sterile phosphate-buffered saline (137 mM NaCl, 1.3 mM KCl, 3.2 mM NaH 2 PO 4 , 0.5 mM KH 2 PO 4 ; pH 7.4) and incubated on a shaker at 28 u C for 18 h. The resultant suspension was then serially diluted and plated on Luria-Bertani (LB) agar that contained (l 21 ) 10 g tryptone, 5 g yeast extract, 5 g NaCl and 15 g agar. After incubation at 28 u C for 2 days, colonies were picked from the plates and further cultured on LB agar. Strain N5 T was preserved in 40 % (v/v) glycerol at 280 u C and routinely cultured at 28 u C on LB agar or in LB broth. The morphological, physiological and biochemical characteristics of strain N5
T were investigated at 28 u C.
The 16S rRNA gene sequence of strain N5 T was determined using a 3100 Avant genetic analyser (Applied Biosystems) and checked, both for quality and gaps, by using version 5.11 of the Sequencing Analysis software package (Applied Biosystems). A continuous stretch of the 16S rRNA gene sequence of strain N5 T (1420 bp) was assembled by using version 5 of Clone Manager before similarity searches were conducted using the BLAST (Thompson et al., 1997) was used to align the 16S rRNA gene sequence of the novel strain with those of closely related members of the genus Microbacterium. An evolutionary-distance matrix was generated using the model of Jukes & Cantor (1969) and evolutionary trees were constructed by using the neighbour-joining (Saitou & Nei, 1987) and maximum-likelihood (Takahashi & Nei, 2000) algorithms available within the PHYLIP 3.69 package (Felsenstein, 1993) . The topology of each tree was evaluated by bootstrap analysis (Felsenstein, 1985) , with 100 replications. In both the neighbour-joining ( Fig. 1) Cell morphology and motility were investigated under a light microscope by using the hanging drop method with cells that had been grown in LB broth for 3 days at 28 u C. Cells from an exponentially growing culture were checked for flagella using a transmission electron microscope (Morgagni 269D; FEI) after negative staining with 0.5 % (w/v) uranyl acetate and air drying. Growth at 4, 10, 22, 28, 37, 42 and 55 u C was tested on LB agar. The ability of strain N5
T to grow in LB broth at 28 u C with 1-12 % (w/v) NaCl or at pH 4.0-10.0 was investigated as described by ArdenJones et al. (1979) ; the pH of the broth was adjusted with 1.0 M HCl or 1.0 M NaOH. Gram and spore staining were performed using exponentially growing cells and the relevant commercial kits (HiMedia). Colony shape, size and colour were studied on LB agar after incubation for 72 h at 28 u C. Anaerobic growth was tested by incubating the novel strain at 28 u C for 5-6 days in test tubes containing LB broth (5 ml per tube) overlaid with liquid paraffin. Oxidase production was tested as described by McCarthy & Cross (1984) . Hydrolysis of casein, gelatin, aesculin, starch, and Tweens 20 and 80 was determined as described by Cowan & Steel (1965) . Enzyme activity and utilization of various substrates as sole carbon sources were tested by using a commercial kit for biochemical tests on bacteria (HiMedia) according to the manufacturer's guidelines. Susceptibility to antibiotics was tested on plates of Mueller-Hinton agar using antibiotic discs containing (mg per disc) chloramphenicol (30), gentamicin (10), kanamycin (30), oxytetracycline (30), rifampicin (5), tetracycline (30), vancomycin (30), polymyxin B (300), ciprofloxacin (5), amikacin (30), nalidixic acid (30) and penicillin (10). Production of H 2 S was tested on stabs of triple-sugar iron agar that contained (l 21 ) 15 g peptone, 5 g proteose peptone, 3 g beef extract, 3 g yeast extract, 1 g lactose, 1 g sucrose, 1 g glucose, 5 g NaCl, 0.2 g FeSO 4 , 0.3 g Na 2 S 2 O 3 , 0.024 g phenol red and 12 g agar. Production of bgalactosidase was determined using commercial discs (HiMedia) following the manufacturer's instructions. Indole production and nitrate reduction were investigated and methyl-red and Voges-Proskauer tests were performed as described by Smibert & Krieg (1994) . Type strains of the two established species that were most closely related to strain N5 T (i.e. M. indicum LMG 23459 T and M. gubbeenense LMG 19263 T ) were obtained from the collection of the Laboratorium voor Microbiologie en Microbiele Genetica, Rijksuniversiteit, Belgium, and used for comparison.
The freeze-dried cell biomass used for the analysis of polar lipids, quinones and cell sugars was produced from cultures grown for 3-5 days in LB broth under aerobic conditions at 28 u C with vigorous shaking (200 r.p.m.). Polar lipids were extracted from 100 mg freeze-dried culture by the method described by Bligh & Dyer (1959) and then they were separated by two-dimensional TLC on 106 10 cm silica-gel plates (F254; Merck), with chloroform/ methanol/water (65 : 24 : 4, by vol.) and chloroform/glacial acetic acid/methanol/water (80 : 12 : 15 : 4, by vol.) used in the first and second dimensions, respectively. The total lipid profile of strain N5
T was detected by spraying with molybdatophosphoric acid and then heating for 10 min at 150 u C. Molybdenum blue and ninhydrin spray reagents were used for the detection of phospholipids and aminolipids, respectively. Glycolipids were visualized by spraying with sulfuric acid containing molybdenum blue and then slowly heating the plate up to 180 u C. Respiratory quinones were analysed by HPLC, as described by Collins et al. (1977) . The major cell-wall sugars of strain N5
T were determined by ascending TLC, as described by Lechevalier (1968) . Cell walls were prepared by the method of Schleifer & Kandler (1972) and peptidoglycan structure was determined by the method of MacKenzie (1987) . Cells were disrupted using glass beads before the proteins were digested with trypsin. The amino acids and peptides in cell-wall hydrolysates were separated and identified by twodimensional ascending TLC on cellulose plates, with the solvent systems described by Schleifer & Kandler (1972) . The molar ratios of the amino acids were estimated by GC (14A; Shimadzu) and GC-MS (320 Singlequad; Varian), as described by MacKenzie (1987) . The method of Behrendt et al. (2011) was used to detect any threo-3-hydroxyglutamic acid. The acyl type of the cell wall of the isolate was determined as described by Uchida & Aida (1984) . For the analysis of fatty acids, cell mass of strain N5
T and the two reference strains was harvested from LB plates after incubation for 4-5 days at 28 u C; growth of the three strains was similar, being visible in all four quadrants of all cultures. The samples of biomass were then sent to Royal Life Sciences (Secunderabad, India), where the cultures were revived on trypticase-soy broth agar (TSBA) for . All data are from this study using biomass from strains cultivated under the same conditions, i.e. all strains were grown at 28 u C on LB agar for 2-3 days before fatty acid analysis (see text). TR, Trace (,1 %). 2-3 days at 28 u C. Biomass (two to four loops from the third quadrant of each plate) was then collected and used for the preparation of fatty acid methyl esters (FAMEs) by saponification, methylation and extraction, as described by Miller (1982) and Kuykendall et al. (1988) . The FAMEs were then separated by following the protocol of the Sherlock Microbial Identification System (MIDI) and identified using version 6.0 of the TSBA database. The genomic DNA of the novel strain was isolated by the phenol-chloroform method (Sambrook et al., 1989) and G+C content was determined by the thermal denaturation method of Gonzalez & Saiz-Jimenez (2002) .
Fatty
The main polar lipids detected in strain N5 T , as in many members of the genus Microbacterium (Young et al., 2010) , were diphosphatidylglycerol, phosphatidylglycerol and an unknown glycolipid (see Fig. S1 , available in IJSEM Online). The menaquinones detected in the novel strain were MK-11, MK-10, MK-12, MK-9, MK-8 and MK-7, which were found in an approximate molar ratio of 63 : 23 : 7 : 3 : 2 : 1, respectively. The major cell-wall sugars of strain N5 T were glucose and galactose. The cell-wall peptidoglycan of strain N5
T contained alanine, glycine, homoserine, glutamic acid and ornithine (in a molar ratio of 0.7 : 2.0 : 0.7 : 1.1 : 1.0, respectively) and smaller amounts of 3-hydroxyglutamic acid, indicating that the peptidoglycan was of type B2b (i.e. type B6 according to http:// www.dsmz.de/catalogues/catalogue-microorganisms/specificcatalogues/peptidoglycans.html). The muramic acid residues in the peptidoglycan of strain N5
T contained very small amounts of N-glycolyl residues, as revealed by very faint red-purple staining; a glycolyl-positive reference strain, Gordonia sputi DSM 43896 T , gave intense redpurple staining under the same conditions. In the FAME analysis (see Table 1 ), the fatty acid profile of strain N5
T was found to consist mainly of anteiso-C 15 : 0 (45 %), anteiso-C 17 : 0 (37 %), iso-C 16 : 0 (8.5 %) and C 16 : 0 (4.5 %). Although the predominant fatty acids of M. indicum LMG 23459 T and M. gubbeenense LMG 19263 T were similar to those of the novel strain, there were marked between-strain differences in the proportions of these fatty acids (Table 1 ). The chemotaxonomic characteristics of the novel strain (with the exception of the scarcity of glycolylated muramic acid residues) and its genomic DNA G+C content (68 mol%) are consistent with its classification in the genus Microbacterium.
DNA-DNA hybridization studies were carried out between strain N5
T and the two type strains that showed .97 % 16S rRNA gene sequence similarity with it: M. indicum LMG 23459 T and M. gubbeenense LMG 19263 T . Total genomic DNA of each of these three strains was extracted and purified so that hybridizations could be performed (Tourova & Antonov, 1988; Kumar et al., 2008) . The amount of bound probe DNA was evaluated in a scintillation and luminescence counter (Wallac Microbeta Trilux; Perkin Elmer). Each hybridization was conducted in triplicate. The mean levels of DNA-DNA relatedness between the three strains varied between 0.7 % and 11.3 % (Table S1 ). In further experiments, the levels of DNA-DNA relatedness between strain N5
T and other species in the genus Microbacterium all fell below 11 % (data not shown). Since all the relatedness values between strain N5
T and established species of the genus Microbacterium fell well below the 70 % threshold recommended by Wayne et al. (1987) , the isolate probably represents a novel species in the genus Microbacterium. Table 2 lists the phenotypic characteristics of strain N5
T that differentiate it from current members of the genus Microbacterium.
Based on the phylogenetic, morphological, biochemical, chemotaxonomic and physiological evidence and the DNA-DNA hybridization results, strain N5
T represents a novel species in the genus Microbacterium for which the name Microbacterium amylolyticum sp. nov. is proposed.
Description of Microbacterium amylolyticum sp. nov.
Microbacterium amylolyticum [a.my.lo.ly9ti.cum. Gr. n. amulon starch; N.L. adj. lyticus -a -um (from Gr. adj.
lutikos -e -on) able to dissolve; N.L. neut. adj. amylolyticum dissolving starch, pertaining to the ability of the bacterium to hydrolyse starch].
Gram-staining-positive, heterotrophic, aerobic, non-flagellated, non-motile, non-endospore-forming, rod-shaped bacterium measuring 1.8-2.261.0-1.2 mm (Fig. S2) . Colonies are yellow, convex, dry and opaque, with smooth and entire margins and measure 1.0-1.5 mm in diameter after incubation on LB agar for 72 h at 28 uC. Growth occurs at 10-37 u C (optimum 28 u C) and at pH 7.0-10.0 (optimum pH 7.0). Sluggish growth occurs in the absence of NaCl and no growth occurs with NaCl at 12 % (w/v). Hydrolyses aesculin, starch and casein but not Tween 20, Tween 80 or gelatin. Negative in methyl red and Voges-Proskauer tests and for indole production. Acid is produced from D-xylose, maltose, D-fructose, D-glucose, sucrose, D-mannose, inulin, glycerol, salicin, sorbitol, mannitol, cellobiose, xylitol, Lrhamnose, sorbose, D-galactose, D-arabinose and L-arabinose but not from lactose, trehalose, raffinose, melibiose, dulcitol, inositol, arabitol, erythritol, melezitose, adonitol, methyl a-D-glucoside or methyl a-D-mannoside. Does not utilize citrate or malonate. Positive for nitrate reduction but negative for oxidase and b-galactosidase activities. Sensitive to chloramphenicol, gentamicin, oxytetracycline, rifampicin, tetracycline, vancomycin, polymyxin B, ciprofloxacin and amikacin but resistant to kanamycin, nalidixic acid and penicillin. Major polar lipids are diphosphatidylglycerol, phosphatidylglycerol and an unidentified glycolipid. The predominant fatty acids are anteiso-C 15 : 0 , anteiso-C 17 : 0 , iso-C 16 : 0 and C 16 : 0 and the predominant isoprenoid menaquinones are MK-11 and MK-10. The major cell-wall sugars are glucose and galactose and the cell-wall peptidoglycan, which contains only traces of N-glycolyl residues, is of the B2b type.
The type strain, N5
T (5DSM 24221 T 5CCM 7881 T ), was isolated from soil from an industrial waste site on the outskirts of Delhi, India. The genomic DNA G+C content of the type strain is 68 mol%.
